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Abstract: Airborne hyperspectral data were used to simulate imagery from DigitalGlobe's 
proposed WorldView-3 (WV-3) satellite.  A proposed new band configuration, including eight 
additional short-wave-infrared channels, demonstrates improved capability for geologic mapping 
and other applications. 
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1. Introduction 
WorldView imaging satellites comprise a planned constellation of commercial, orbiting platforms developed by 
DigitalGlobe Inc. (Longmont, Colorado USA) and built by Ball Aerospace & Technologies (Boulder, Colorado 
USA).  Financed partially by the National Geospatial-Intelligence Agency (NGA), WorldView satellite systems are 
launched from Vandenberg Air Force Base on Delta II rockets.  WorldView-1 (WV-1) was launched in 2007 with a 
panchromatic (PAN) imaging system capable of 50-cm spatial resolution.  With no multispectral bands on board, the 
primary purpose of this single-band PAN system was to rapidly collect high-spatial resolution (or hi-res) imagery, 
especially suited for generating detailed digital elevation model (DEM) data.  The major improvement of WV-1 over 
other hi-res commercial systems at the time included state-of-the-art geolocational capability, accuracy, and 
flexibility in programming and tasking that vastly improved the collection of 2-pass data necessary for DEM 
generation.  WV-1 allowed for a 1.7-day revisit time, acquiring 750,000 square kilometers of imagery per day.  The 
next big milestone was encountered with the launch of WorldView-2 (WV-2) in 2009 offering hi-res PAN data at 
46-cm pixel size plus visible and near-infrared (VNIR) bands at 1.84-meter spatial resolution.  WV-2 was the first 
system to collect eight hi-res multispectral bands ranging in wavelengths from 0.4 to 1.04 micrometers, selected 
primarily for vegetation, coastal, and land-use applications. DigitalGlobe plans to launch WorldView-3 (WV-3) in 
2014 offering a similar PAN and VNIR band set, complemented by eight short-wave infrared (SWIR) bands ranging 
from 1.21 to 2.365 micrometers (Figure 1) at approximately 3.7m spatial resolution (released at 7.5m). WV-3 will 
be the first commercial system with true VNIR and SWIR multispectral capability.  It is expected that the inclusion 
of the new SWIR bands will significantly impact surface compositional modeling, and mapping of rock and soil 
exposures worldwide.  Potential applications include improved geologic mapping, environmental/soil/disaster 
monitoring, exploration of petroleum, minerals, and geothermal resources, as well as non-renewable resource 
assessment (especially suited for developing countries).  This paper summarizes preliminary results achieved by 
modeling the proposed WV-3 SWIR spectral bands using the Airborne Visible/Infrared Imaging Spectrometer 
(AVIRIS), extraction of SWIR spectral signatures and spectral mapping, and comparison to results from NASA’s 
on-orbit Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER, 6 SWIR bands at 30m 
resolution). 
  
Fig. 1. Left: Filter functions generally representative of proposed WV-3 SWIR spectral bands, Right: Full proposed WV-3 Band set. 
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3.  Simulation of WV-3 using Imaging Spectrometer Data 
AVIRIS data acquired 14 October 2010 of Cuprite, Nevada were used to simulate the WV-3 data.  Cuprite is an 
example of an altered hydrothermal system with an abundance of well-exposed minerals with characteristic 
absorption features.  It has been used for over 30 years as a test site for validating spectral remote sensing data.  The 
2010 AVIRIS data cover the area in five overlapping flightlines with 224 spectral bands in the 0.4 – 2.5 micrometer 
spectral range at 10nm spectral resolution and 3m spatial resolution.  Radiance data provided by JPL were 
geocorrected and mosaicked, and converted to apparent reflectance using an atmospheric based approach.  The 
spectral data were resampled to the proposed WV-3 spectral range and bands using the response curves shown in 
Figure 1 and spatially resampled to WV-3 spatial resolution of 7.5m using pixel aggregation (neighborhood 
averaging).  The simulated WV-3 data were further co-registered to orthorectified ASTER data for comparison (Fig 
2).  The ASTER data were also corrected to apparent reflectance using the ACORN model. 
  
Fig. 2. Left: Spatial subset of a portion of the simulated WV-3 SWIR image (7.5m spatial resolution) compared to Right: ASTER SWIR 
image (30m spatial resolution).  WV-3 color composite image is SWIR Bands 3, 6, 8 (1.6495, 2.2045, 2.3291 micrometers) as RGB.  
ASTER color composite image is SWIR bands 4, 6, 8 (1.6560, 2.2090, 2.3360 micrometers) as RGB.  Hydothermally altered rocks 
with absorption features near 2.2 micrometers appear as red in both cases. 
4.  Mineral Mapping 
 Mineral reflectance spectra of key minerals known to occur at Cuprite were extracted from the AVIRIS, ASTER, 
and simulated WV-3 data for use in spectral classification and mapping.  Figure 3 shows a comparison of the 
extracted spectra. The AVIRIS spectra have comparable spectral resolution to measured library spectra and illustrate 
the full spectral character of the alteration minerals.  The multispectral ASTER data and simulated WV-3 spectra 
show the discrete sampling of key spectral absorption features by both ASTER and WV-3, resulting in good 
separation for common alteration minerals.  ASTER has demonstrated the viability of detailed multispectral mineral 
mapping from space[1]. We expect that WV-3 SWIR will perform similarly, with the added advantage of higher 
spatial resolution improving mineral exploration, mine characterization, and spectral mapping for other applications. 
 
 
Fig. 3. Comparison of AVIRIS spectral signatures (red) for selected minerals at the Cuprite, NV site compared to simulated WV-
3 spectra (black) and ASTER SWIR spectral signatures (blue). 
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The endmember spectra shown in Figure 3 were used in a Mixture-Tuned-Matched-Filtering (MTMF) spectral 
mapping approach [2] to map the spatial distribution of the spectrally predominant mineralogy at the Cuprite, NV 
site (Figure 4).  These image-maps generally correspond to previous mineral mapping results using a variety of 
multispectral and hyperspectral sensors, however, as no detailed ground truth map actually exists for the site, it is 
difficult to make absolute accuracy comparisons.  For the purposes of this research, the AVIRIS mineral map was 
selected for use as a surrogate ground truth and both the ASTER and simulated WV-3 results were compared to 
these results.  Visually, Figure 4 demonstrates that the multispectral sensors appear to do surprisingly well in 
defining the mineralogy at the site, despite having only a few spectral bands compared to the AVIRIS data. 
.  
Fig. 4. Left: AVIRIS MTMF mineral map, Center: Simulated WV-3 MTMF Mineral Map, Right: ASTER MTMF Mineral Map 
Comparison using a confusion matrix approach, however, demonstrates that the per-pixel match between the 
mineral mapping results is only fair to good using Kappa Coefficient criteria [3] (Table 1).  This is the result of 
confusion between similar minerals at lower multispectral spectral resolution, as well as spectral mixing effects.  
This typically results in over classification using the multispectral systems compared to more specific AVIRIS 
results. Of note, however, the simulated WV-3 data perform significantly better than the ASTER data. 
 
Table 1. Left: Confusion matrix comparing simulated WV-3 mineral mapping to AVIRIS mineral mapping. Overall accuracy is 50.92%, 
Kappa Coefficient is 0.3843. Right Confusion matrix comparing ASTER mineral mapping to AVIRIS mineral mapping. Overall 
accuracy is 35.05%, Kappa Coefficient is 0.2074.  There are significant errors of commission and omission in both cases (not shown). 
 
    
4. Conclusions 
These simulation results demonstrate that WV-3 will provide significant new capabilities for multispectral mineral 
mapping from space.  The selected spectral bands should permit identification and mapping of key minerals, while 
the improved spatial resolution will provide improved discrimination of complex alteration mineral patterns. 
5. Acknowledgements 
Specifications for the WV-3 SWIR configuration and band passes were provided by DigitalGlobe.  AVIRIS data 
were acquired and processed to radiance by the Jet Propulsion Laboratory (JPL). 
6. References  
[1] F. A. Kruse and S. L. Perry, "Improving multispectral mapping by spectral modeling with hyperspectral signatures," Journal of 
Applied Remote Sensing, vol. 3 (http://dx.doi.org/10.1117/1.3081548), 2009. 
[2] J. W. Boardman and F. A. Kruse, "Analysis of Imaging Spectrometer Data Using N-Dimensional Geometry and A Mixture-Tuned 
Matched Filtering (MTMF) Approach," Transactions on Geoscience and Remote Sensing (TGARS), Special Issue on Spectral 
Unmixing of Remotely Sensed Data, vol. 49, 2011,  pp. 4138-4152. 
[3] R. A. Monserud and R. Leemans, "Comparing global vegetation maps with the Kappa-Statistic: Ecological Modeling," 62, 1992,  pp. 
275-293. 
